A B S T R A C T The class of immunoglobulin M (IgM
Received for publication 27 March 1969 and in revised form 16 September 1969. globulins has been distinguished by high molecular weight proteins, a smaller molecular form of IgM has been recognized in normal newborn and adult sera and in the serum of patients with lupus erythematosus, type I dysgammaglobulinemia, ataxia telangiectasia, leukemia, lymphoproliferative and infectious diseases, and Waldenstrom's macroglobulinemia (3) (4) (5) (6) (7) (8) (9) (10) (11) . This low molecular weight IgM has a sedimentation coefficient of approximately 7S and has been evident most often in the serum of patients with 19S macroglobulinemia. The 7S IgM has been detected in the majority of such patients and has comprised up to 45% of the total IgM present (7, 10, 11) .
Anti-IgM antisera have not had the capacity to distinguish between 7S IgM and 19S IgM. ' The lack of specific anti-7S IgM antiserum has prevented the direct detection of 7S IgM; however, the combination of immunochemical techniques with methods 2 which separate the two molecular forms of IgM has made feasible the detection of 7S IgM in human sera. The demonstration of the polymeric structure of 19S IgM by dissociation with mercaptans (13) led to the establishment of the pentameric structure (14) consisting of subunits linked via a single disulfide bond (15) between a cysteinyl residue at or penultimate to the carboxyl-terminus (16, 17) of the a heavy chains of each subunit. An exact relationship has not been established between the naturally occurring 7S IgM and the monomeric subunit produced by reduction (18) or by reduc-'Recently, a report has been made of an anti-19S IgM antiserum which can distinguish between 19S IgM and 7S IgM (12) . An anti-19S IgM antiserum with a similar capacity has been obtained in our laboratory and is being used in immunoelectrophoretic and immunodiffusion analyses to detect 7S IgM directly in sera.
2 Density-gradient ultracentrifugation and gel filtration provide a means of separating 7S IgM from 19S IgM (3) (4) (5) (6) (7) (8) (9) (10) (11) . The molecular sieving effect of high concentrations of acrylamide, agarose, and gelatin in immunodiffusion analyses permits identification and quantitation of 7S IgM in whole sera (7, 10, 11) . tion and alkylation of the 19S IgM pentamer. Results of in vitro and in vivo studies have indicated that the 7S IgM is neither a breakdown nor a catabolic product of 19S IgM. The 7S IgM has not been detected after repeated freezing and thawing or prolonged incubation of isolated 19S IgM preparations, nor after similar treatment of sera containing only the 19S form of IgM (7, 8, 10, 11) . The 7S IgM has been detected in fresh sera obtained and analyzed under aseptic conditions and in sera analyzed in the presence of sulfhydryl-blocking agents (10) . The intravenous injection of homologous radioiodinated 19S IgM into a patient whose serum contained both molecular forms of IgM did not result in formation of labeled protein corresponding to 7S IgM (6) . Further, the presence of 7S IgM has no dependence on the concentration of 19S IgM in the serum (7, 10, 11) . A relationship between the serum concentration of the 7S IgM and the 19S IgM has not been apparent; in one patient's serum the 7S IgM represented almost the total concentration of IgM molecules (6) . Table I . The molecular distribution of the labeled protein in the culture fluid was determined by density-gradient ultracentrifugation. In order that a profile of the serum protein distribution be available for comparison with the profile of the distribution of radioactivity, the patient's serum was added to the culture fluid before centrifugation. The analysis of culture fluid F. C. (Fig. 2 a) revealed three separate peaks of radioacivity: the major peak of radioactivity, located at the bottom of the gradient, was associated with rapidly sedimenting serum proteins; the middle and upper peaks of radioactivity, located in the mid and top regions of the gradient, were associated with intermediate and slowly sedimenting serum proteins, respectively. The bottom and the middle peaks of radioactivity corresponded to the location of 19S IgM and 7S IgM, respectively (see Fig. 1 chain antigenic determinants as evidenced by the radioimmunoelectrophoretic analyses in which anti-light chain antisera were used. The molecular distribution of labeled protein in the 3, 6, 10, and 22 hr culture fluids W. F. was determined by density-gradient ultracentrifugation (Fig. 4) . Slight differences in the protein profiles were due to minor variations in each density gradient. Labeled IgM was detected radioimmunochemically in fractions located at the bottom and midportion in each of the four gradients. In agreement with the results obtained with culture fluid F. C., no labeled protein could be detected in the upper (slowest sedimenting) peak of radioactivity radioimmunochemically with anti-normal human serum antiserum. A comparison of the distribution of radioactivity within each of the four gradients revealed a shift in the relative distribution of radioactivity with a marked decrease in radioactivity associated with slowly sedimenting material. The radioactivity associated with the 19S peak and the 7S peak was determined by measuring the area under the respective peaks. pended in the culture medium containing lysine-14C and isoleucine-lC. The suspension was divided into two equal portions; and after 3 hr of incubation, cycloheximide was added to one tube to yield 100 Ag/ml (29) .
An aliquot of culture fluid was removed immediately, and additional aliquots were removed after 1, 2, and 3 hr of further incubation. An aliquot was removed from the control tube 1 hr after incubation, and thereafter, at the same time intervals as the cycloheximide-treated (cyclo) cultures. Centrifugation of both control and treated cultures, before the removal of an aliquot of culture fluid, prevented a mechanical decrease in the cell concentration of both cultures. Each culture fluid was analyzed by density-gradient ultracentrifugation and the profile of radioactivity determined. To facilitate the comparisons of radioactivity associated with the 19S and 7S proteins, we calculated the volume of culture fluid necessary to provide approximately the same total radioactivity for each culture. The radioactivity associated with both the 19S and 7S proteins was measured, and the per cent of radioactivity associated with each peak was calculated for each culture (Table II) . The profiles of radioactivity for the 3 hr + cyclo (0 hr), 4 hr + cyclo (1 hr), and 5 hr + cyclo (2 hr) cultures were identical with the profiles of radioactivity for the respec- tive 3, 4, and 5 hr controls. The distribution of radioactivity for the 1 hr control and the first three cycloheximide-treated cultures is shown in Fig. 5 . With both control and cycloheximide-treated cultures the radioactivity associated with 19S protein increased with a concomitant decrease in radioactivity associated with 7S protein. 7 Bone marrow cultures R. B. were harvested after 3, 6, 10, 22, 28, and 48 hr of incubation. Radioimmunoelectrophoretic analyses provided evidence for the presence of synthesized IgM in all six culture fluids. The culture fluids were subjected to density-gradient ultracentrifugation, and radioimmunochemical analyses of the gradient fractions revealed the presence of labeled 19S IgM and labeled 7S IgM in the bottom and midportion 7Confirmation that the radioactivity associated with the 19S and 7S peaks was attributable to 19S IgM and 7S IgM protein was obtained by quantitative precipitin studies on culture fluid W. F. in which specific anti-IgM antiserum and anti-normal human serum (NHS) antiserum were used. Preliminary studies were performed with each antiserum to determine the equivalence point and thereby enable the calculation of the amount of carrier protein necessary to assure optimum precipitation. Isolated 19S IgM and serum W. F. provided carrier protein in the precipitin studies with the anti-IgM antiserum and the anti-NHS antiserum, respectively. Analysis of the supernatant fluid from the antiIgM precipitin study revealed that nonprecipitable 19S material represented 1.3%o of the total radioactivity and 7S material represented 4%o; comparable results were obtained with the anti-NHS antiserum, i.e., 1.3%o and 1.7% of the total radioactivity were associated with the 19S and 7S regions, respectively. of the gradient, respectively. Unlabeled 7S IgM, isolated from serum W. F., was added to midgradient fractions R. B. before radioimmunodiffusion analysis to provide sufficient carrier protein for precipitin reaction. The radioactivity associated with the 19S and 7S peaks was determined for each culture, and the per cent of the 19S + 7S radioactivity was calculated (Table III) Table I ). The labeled IgM proteins in the culture fluids were identified by radioautography of immunoelectrophoretic and immunodiffusion patterns. The identification of both molecular forms of the IgM in the culture fluids was accomplished by one of two methods. The While the radioactivity associated with the top (most slowly sedimenting) peak obtained by density-gradient analyses of the cultures decreased as the radioactivity associated with the 19S IgM increased, no ' heavy chain determinants were detected in the labeled material in this peak; and the significance of this material is under investigation. The presence of the two distinct 19S IgM proteins as well as 7S IgM in the serum W. F. was a remarkable and rare occurrence. The three proteins differed in electrophoretic mobility and in individual solubility properties. The less cathodal 19S IgM was a euglobulin, and the three IgM proteins differed in their susceptibility to precipitation by ammonium sulfate. Antiheterologous IgM antisera did not distinguish between the 7S IgM and 19S IgM proteins W. F., however, current studies with antisera prepared against each isolated protein W. F. reveal antigenic differences among the three IgM proteins. Studies on both isolated 19S IgM proteins W. F. yielded no evidence of breakdown to 7S IgM as a result of freezing-thawing, prolonged dialysis, or lyophilization. Although the concentration of the total 19S IgM at the time of the April, 1968, studies was twice the concentration at the time of the May, 1969, studies, the ratio between the two 19S IgM proteins had remained constant as was evidenced by serum and culture analyses which revealed that the ratio of the radioactivity associated with the two synthesized 19S IgM proteins was consistent with the ratio of the concentration of the two 19S IgM proteins in the serum W. F.
The presence of 19S IgM and 7S IgM in human sera bears close correspondence to the presence of 19S and 7S components in the serum of certain primitive species. Studies on the phylogenetic development of immuno-9 It has been postulated (9) that the presence of naturally occurring 7S IgM is a result of an absence or blockage of the cysteinyl residue at the carboxyl-terminus of the ,u heavy chain, thus preventing polymerization. In the process of purifying by gel filtration under alkaline conditions a preparation of 7S IgM which contained no contaminating 19S IgM, we noted that a portion of the naturally occurring 7S IgM had undergone spontaneous polymerization to a 19S polymer. This polymer was dissociated by mercaptans to 7S IgM; however, the site of interchain disulfide linkage has not been determined. globulin structure and function have shown that certain species of lower vertebrates synthesize only one class of immunoglobulins (33) (34) (35) 
